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Abstract
Emphasis on reducing emissions from the greenhouse gases (GHG), carbon dioxide (CO2), nitrous oxide (N2O) and

methane (CH4) has increased in recent years in the USA, primarily for industry, transportation, energy and agricultural

sectors. In this study, we utilized on-farm data collected by the USDA-National Agricultural Statistics Service (NASS)

Agricultural Resource Management Survey (ARMS), secured under an agreement with the USDA-Economic Research

Service (ERS) to analyze the profitability of organic and conventional soybean production, based on changes that ‘green

payments’ in a cap-and-trade system would introduce in agricultural markets in the USA. In particular, the analysis focused

on establishing whether organic producers would be better positioned to sequester carbon (C) and reap the benefits of

the C-offset scheme compared to conventional producers, given the differences in costs, management practices and

environmental benefits between organic and conventional production methods. We estimated several changes in profitability

of soybean producers according to management practices, incentives for the generation of offset credits, and increase in

energy input prices that a potential cap-and-trade system may introduce in future agricultural markets in the USA. Survey

data suggested that even with lower yields, conventional producers could profit from converting to organic agriculture,

given organic price premiums. In addition, taking into consideration both direct and indirect costs, average cost for

conventional-till (CT) organic soybean production was approximately 9% lower than no-till (NT) conventional production.

With a C market and payments for soil C sequestration through potential Clean Energy legislation, additional profit could be

accrued by organic producers, because organic production would have 28% greater ton CO2 eq. acre - 1 yr - 1 sequestration

than conventional NT. Thus, the environmental benefits from GHG reduction could incentivize increased conversion from

conventional to organic production across the USA.
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Introduction

The American Clean Energy and Security Act, which was

passed in the US House of Representatives in 2009, but

failed to pass the US Senate, proposed the establishment of

a cap-and-trade system to regulate greenhouse gas (GHG)

emissions in the USA. The Act portended significant

changes for agriculture in the USA, and research on the

relationship between agriculture and GHG emissions has

increased in the past year. The primary agricultural GHGs

include carbon dioxide (CO2), nitrous oxide (N2O) and

methane (CH4). Although industry, transportation and

energy sectors were the greatest source of GHG emissions

in 2007, agricultural soil-management activities, including

fertilizer applications, were responsible for 67% of US

N2O emissions1. While agriculture is considered an un-

capped sector with respect to regulation of GHG emissions,

as established in Title V Section 501 (b) in the House bill,

in Title V Section 502 (a), the bill proposes that ‘. . .the

Secretary shall establish a program governing the genera-

tion of offset credits from domestic agricultural and forestry

resources.’ Thus, farmers who reduce their emissions

Renewable Agriculture and Food Systems: 27(4); 266–277 doi:10.1017/S1742170511000408

# Cambridge University Press 2011



potentially could derive a profit by selling their emission

credits.

A cap on the energy sector will most likely increase

agricultural input prices, such as electricity, fuel and

domestically produced fertilizers and pesticides2. This will

be particularly important for conventional agricultural

producers who rely on petroleum-based inputs. Organic

agriculture, on the other hand, avoids the use of synthetic

fertilizers and pesticides, and relies on the use of manure,

legumes and other natural sources of nitrogen (N)3, thus

eliminating synthetic N use and possibly reducing N2O

emissions4. Organic agriculture also has a lower energy

requirement5–7. Moreover, there is an indication that the

benefit of lower energy use in organic agriculture is

accompanied by greater carbon (C) sequestration rates than

in conventional agriculture8. Thus, organic producers may

be better positioned to sequester C and reap the benefits of

the C-offset scheme than conventional producers. Greene

et al.9 point out that the mitigation of environmental

externalities with organic production systems could im-

prove the environmental performance of US agriculture

if the adoption rate of organic practices were higher. In

this study, we analyzed the potential for GHG offsets,

particularly from reduction in CO2 and N2O emissions, of

organic and conventional soybean producers in the USA

using on-farm survey data obtained through the USDA-

National Agricultural Statistics Service (NASS) Agri-

cultural Resource Management Survey (ARMS) in 2006.

More specifically, we determined the economic value to

individual soybean farmers from the environmental benefits

associated with their production practices in a potential

C-offset market.

GHGmitigation in agriculture

As defined by Lal10, ‘soil C sequestration’ is plant removal

via photosynthesis of the GHG, CO2, with subsequent

storage of fixed C as soil organic matter. Both organic and

conventional cropping systems have the potential to induce

C sequestration, but each system has different energy

requirements, cost structures and relative intensities of their

sources of GHG emissions. Consequently, each of these

components affects farmers’ profit functions in a different

manner. Research analyzing the differential profit between

organic and conventional farming systems based on po-

tential for C sequestration, GHG mitigation and economic

value in a C-based market has been limited. Information

regarding the performance of organic and conventional

farming practices based on varying management regimes,

however, has increased in recent years.

Tillage effects. The main component of agricultural

soil-management activities is tillage. Tillage practices can

be classified according to the percentage of residue cover

remaining on the soil after planting. Conventional-till

(CT) leaves less than 15% of residue cover on the soil

after planting due to its reliance on the use of intensive

tillage equipment11. Reduced-tillage refers to the case

where 15–30% residue cover remains after tillage in order

to reduce water or wind soil erosion12; mulch-till, ridge-

till and no-till (NT) leave 30% or more residue coverage

and are referred to as conservation tillage practices. CT

involves plowing or disking the soil to prepare for plant-

ing and also includes cultivation for weed management.

CT has been criticized for depleting soil C13, while

reduced tillage has been proposed as a method to restore

soil organic carbon (SOC), reduce the amount of C

released into the atmosphere and maintain a higher level

of C storage. The United Nations Environmental Program

(UNEP) and the World Meteorological Organization

(WMO) Intergovernmental Panel on Climate Change

(IPCC) guidelines14 identify tillage as one of the main

management practices that affect soil C stocks in crop-

lands. Furthermore, tillage practices also influence, among

others, chemical pesticide and fertilizer use. West and

Marland15 (p. 439–440) suggested that ‘optimizing agri-

cultural management through efficient use of fertilizers,

irrigation and tillage operations can often enhance C

sequestration while simultaneously reducing the C emis-

sions associated with agricultural inputs such as fertilizers

and on-farm fuels.’ Reduced tillage systems, on the other

hand, may be subject to herbicide resistance, based on

reliance on herbicides and genetically modified seeds

to manage weeds. Some authors also disagree with the

argument that tillage practices can alter C emissions

from soils and contribute to GHG emission reduction. For

example, NT might reduce direct energy consumption,

but would increase indirect energy consumption through

an increased use of inputs/herbicides compared to CT3.

Moreover, Lal10 discussed the importance of identifying

those ‘hidden’ C costs related to the production of nitro-

genous fertilizers and pesticides when evaluating a

practice’s potential for SOC sequestration. Organic agri-

culture relies on the use of tillage because, by definition,

it precludes the use of herbicides. Research has shown

that despite relying on intensive and frequent cultivation,

organic systems can store more soil C than conventional

systems16. Thus, determining which combination of farm-

ing and tillage practices is best for sequestering SOC and

GHG mitigation has been the subject of much discussion.

West and Marland15 stated that conversion from CT to

NT in soybean production would result in a net removal

differential of - 371 kg C ha - 1 yr - 1. Along the same

lines, West and Post17 proposed using a factor of 16%

increase in C sequestration when switching from CT to

NT. Robertson et al.18 found that C storage was three

times greater in an NT system than an experimental

organic system. It should be noted, however, that their

results were based on samples taken only from the top

7.5 cm of soil and their organic system was not as diversi-

fied as is required for certified organic production. Other

research corroborated NT C sequestration benefits pri-

marily in the upper soil layer, while plow tillage (PT)

systems sequestered equivalent C when the entire soil

profile was examined19,20. When specifically evaluating
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NT against organic agriculture systems, Teasdale et al.21

found greater soil C and N concentrations at all depth

intervals up to 30 cm in an organic system than in NT at

the end of 9 years. In a follow-up trial, the authors found

that corn grain yield was 18% greater under organic than

NT. Results from a 10-year-old long-term experiment

in Iowa demonstrated that a four-crop rotational organic

system could sequester 0.53 Mg C ha - 1 yr - 1 in the top

15 cm22, similar to converting from PT to NT17.

N and liming impacts. Although N2O is produced

naturally in soils through nitrification and denitrification

processes, fertilizer applications can increase the quantity

of N in the soil, fostering further nitrification and denitri-

fication, and, in turn, increasing N2O emissions1. Accord-

ing to IPCC Guidelines for National Greenhouse Gas

Inventories23, both synthetic N fertilizers and organic

amendments (e.g., manure) contribute to GHGs. Reducing

N applications through monitoring tools, such as the pre-

side-dress N test24, can help ameliorate GHG emissions.

Lime applications to adjust soil pH and improve plant

growth also can affect GHG emissions. As indicated in

IPCC guidelines14, liming can lead to CO2 emissions as

the lime dissolves. Few references are available compar-

ing organic and conventional systems in relation to liming

practices, as both groups apply lime according to site-

specific soil conditions.

Energyuse in organic versus
conventional systems

Calculations for energy use in agriculture should incorpo-

rate not only direct energy consumption but also indirect

energy consumption derived mainly from synthetic inputs

such as fertilizers and pesticides25,26. Pesticide manufactur-

ing, based on crude petroleum and natural gas products27,

requires up to five times greater energy per kilogram than N

fertilizer28. Energy inefficiency of conventional agriculture,

relative to organic practices, is driven by manufacturing

and distributing synthetic pesticides and fertilizers3, which

accounts for 70–90% of the costs of production24.

Pimentel6 found that organically grown corn and soybeans

use 31 and 17% less fossil-energy inputs, respectively,

compared to conventional corn and soybeans. Mäder et al.5

found that organic systems required 34–53% less energy

than conventional counterparts. Research in the UK29

found that organic crops require 50% less energy input

per unit of area than conventional crops, as a result of

avoiding synthetic fertilizers and pesticides.

C-sequestration evaluation

Atmospheric CO2 sequestration through agricultural soil

management has been suggested as a way to mitigate GHG

emissions3,10,27,30,31. The IPCC recommended that analyses

of GHG mitigation be performed using CO2 equivalent

emissions (CO2 eq. or CO2e) in order to allow comparisons

of all gas emissions. All non-CO2 gasses, such as N2O,

are converted into CO2 eq. using their global warming

potentials (GWP), which are calculated over a 100-year

period23, with CO2 assigned a value of 1, CH4 a value of 25

and N2O a value of 298 CO2 eq. Despite the wide use of the

IPCC’s Emission Factor Database (EFDB), these models do

not include specific values for organic farming; thus, as an

estimate, conventional farming values are employed32.

Organic systems have been reported to sequester more C

than conventional systems22. The UK Soil Association33

reviewed studies from 39 sites around the world and found,

in 32 of these sites, soil C levels were 8–325% greater in

organic systems. Pimentel et al.34 reported an annual soil C

increase of 981, 574 and 293 kg C ha - 1 yr - 1 in 22-year-old

experimental organic animal-based, organic legume-based

and conventional systems, respectively. Niggli et al.35

estimated a potential sequestration rate of 500 kg C ha - 1

yr - 1, while Marriott and Wander16 reported that organic

farming increased SOC concentrations by 14% relative

to conventional agriculture. Similarly, Liebig and Doran36

found that there was 22% greater SOC in the surface

30.5 cm on organic farms than on conventional farms.

C sequestration versus reduction in emissions

As discussed by Lewandrowski et al.30, a controversial

issue that may arise in the regulation of the proposed

C-trading market is the idea that C-emission reduction and

C sequestration are not equivalent, attributing a more

permanent nature to GHG mitigation benefits. This concept

is based on the fact that while emissions can be reduced in

one case (often only to be re-introduced through polluting

practices at a later period), C storage can be completely

reversed after plowing or tillage, releasing sequestered C

into the atmosphere. Potential solutions to the problem of

emission reduction versus C sequestration include using

trading ratios by which the credits given for C sequestration

are less than what is being sequestered, or requiring a

20-year contract for sequestration activities.

Based on the analysis of USDA-NASS ARMS data of

organic and conventional soybean production in 12 US

soybean-producing states collected in 2006, we hypoth-

esized that organic soybean producers would be better

positioned than conventional producers to take advantage

of ‘green payments’ from C-offset programs, assuming that

the policy adopted to address non-permanence concerns

would include C reductions and C sequestration as equiv-

alent metrics. In order to analyze potential changes in the

profitability of organic and conventional soybean produc-

tion based on organic price premiums and the sale of

emission credits, we evaluated profits of representative

farmers under different scenarios, typical of Midwestern

US conditions.

Materials and Methods

The USDA-NASSARMSon soybean production

Permission to utilize the USDA-NASS ARMS dataset was

obtained through a memorandum of understanding with
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USDA-Economic Research Service (ERS). All data were

coded by USDA and remained confidential throughout the

analysis. The ARMS data included information about a

producer’s expenses, costs and production practices from

237 organic soybean producers and 1425 conventional

producers in Illinois, Indiana, Iowa, Kansas, Michigan,

Minnesota, Missouri, Nebraska, North Dakota, Ohio, South

Dakota and Wisconsin. Data collected in the ARMS survey

corresponded to one randomly selected field of each of the

producers in the sample; data were expanded to the farm

level by taking into account the number of acres on the

selected farm. As McBride and Greene37 determined,

through the use of farm survey weights that are proportional

to their probability of selection, the ARMS sample was

expanded to represent soybean acreage in each state, and in

this particular dataset, such weights were also useful to

ensure that surveyed organic producers represented the

correct proportion of the population, even though their

share on this sample was purposely over represented. The

number of acres that the weighted sample of the ARMS

survey represented was 63,846,000, accounting for 85% of

the 75,522,000 total US soybean acres in 200638. The

ARMS data included a sub-sample of organic producers

that were identified through USDA-accredited state and

private organic-certifying agencies. According to ERS data,

the number of acres planted to organic soybean production

in 2006 was 114,581; the weighted data in the ARMS

survey accounted for 82,661 acres or approximately 72% of

2006 US organic soybean acreage39.

Scenario evaluation

In our evaluation of profits of surveyed farmers under

different scenarios, the first scenario represented the profit

attained by a conventional producer who does not alter

production practices despite incentives that the Clean

Energy Bill would propose to reduce emissions and

sequester C. The second scenario took into account a

producer’s decision of using NT to make a profit from

selling emission credits, since conventional producers

practicing NT would be reducing their direct energy-related

costs (and emissions) and availing themselves of the bill’s

incentives. The third scenario considered the case of a

farmer who produces soybeans using organic practices.

This latter scenario took into account the differential profit

from selling emission credits and also the organic price

premiums that a producer would obtain in the market. The

equation that nested all the above-described scenarios is

P$=acre = Psoy*Ysoy -Csoy +Ppermit*Qpermit (1)

where Psoy is the organic or conventional market price of a

bushel of soybeans, Ysoy is the farmer’s soybean yield in

bushels per acre; Csoy is the per acre cost associated with

the production method chosen and based on the ARMS

soybean data. The last two terms represent the price and

quantity (on a per-acre basis) of permits a farmer would be

able to sell depending on practices chosen. An important

aspect of the analysis of a representative producers’ profit

function is that the adoption of each practice might imply

not only different input uses or C-sequestration rates but

also different levels of output and sale price. This implies

that while profit in Equation 1 could be higher due to lower

energy use or higher C-sequestration rates using a specific

agricultural practice, that practice could also convey lower

yields, causing a simultaneous profit reduction. Thus, we

calculated the profitability of a representative producer’s

choice taking into account all effects that the adoption of

each alternative endorsed.

Estimations for terms

We estimated the first two terms of Equation 1 using

ARMS data. To estimate the two components of the last

term of that equation, we used current relevant literature.

Prices, yields and costs. We estimated the costs of

organic and conventional soybean production following

McBride and Greene’s37 dividing of costs into operating

costs, operating and capital costs, and total economic

costs. However, we computed costs taking into account

producers’ tillage practices. In this way, we are able to

analyze difference in costs producers may have had even

within the same method of production, and, thus com-

puted Equation 1 in a more precise manner. As an exam-

ple, we compared fertilizer cost differentials between

conventional producers using CT and those using NT.

However, because surveyed producers were not asked to

indicate their tillage practices directly, classification

according to tillage practices was an estimate, based on

previous planted crop and machinery used.

GHG emissions. To estimate N2O emissions generated

by US soybean producers from the use of N fertilizers,

we used the procedure and equations defined as Tier 1 in

Chapter 11 of Volume 4 of the IPCC guidelines14. As

explained by EPA1 (p. 6–24): ‘the Tier 1 approach is

based on multiplying activity data on different N inputs

[. . .] by the appropriate default IPCC emission factors

to estimate N2O emissions on an input-by-input basis’.

We used N application estimates to compute emissions

derived from soil management activities and emission

allowances corresponding to each of the different tillage

practices reported. For that calculation, we followed equa-

tion (11.1) from IPCC14 and used the default emission

factor of 1% to estimate direct N2O emissions from man-

aged soils; we then transformed the N2O–N emissions

into N2O and further converted them into CO2 eq. using

their GWP. Following the EPA’s glossary, we used

‘CO2eq.’ for GWP-weighted emissions (http://www.epa.

gov/climatechange/glossary.html#C).

As indicated in Volume 4, Chapter 11 of IPCC guide-

lines14, adding lime leads to CO2 emission as the lime

dissolves, and emissions from liming were given an

emission factor of 0.12 or 0.13 depending on whether

limestone or dolomite was used.

C-sequestration estimates. Because ARMS data were

limited to a single year and did not include information
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regarding soil C stock in each field, we estimated

C-sequestration rates available from current scientific lit-

erature. As Lal et al.40 indicated, adopting conservation

tillage simultaneously increases C sequestration and de-

creases GHG emissions. No specific data were available

on CO2 eq. reduction from organic systems, so conven-

tional rates were used. According to the US EPA41,

conversion from conventional to reduced tillage could

sequester 0.73 t CO2 eq. acre - 1 yr - 1, a value within the

range of 0.64 and 1.05 t CO2 eq. acre - 1 yr - 1, cited by

the Congressional Budget Office42.

Results and Discussion

Conventional and organic soybean costs of
production, yields and sale price

Conventional soybean production from the ARMS

weighted sample was 28,544,000 acres of NT, 380,000

acres of ridge-till, 19,136,000 acres of mulch-till, 9,652,000

acres of reduced-till and 6,051,000 acres of CT. Organic

soybean production included 4000 acres of reduced-till and

79,000 acres of CT. The organic ridge-till sample had only

five observations and was removed from the descriptive and

comparative analysis. According to survey data, there were

significant differences in operating costs between organic

and conventional farming (Table 1), and between different

tillage practices in conventional farming, as evidenced

by differences in chemicals, fuel, lubrication, electricity,

repairs and hired labor costs. As one would expect, NT

farms had the highest costs for chemicals, and those costs

decreased as tillage intensity increased. Fuel, lubrication

and electricity costs were greatest for organic producers

who used CT. Thus, conventional NT farmers reported the

lowest fuel, lubrication and electricity costs, confirming

a degree of substitution between costs for chemicals and

tillage operations. Repairs had a similar pattern. A greater

Table 1. Profitability and production costs of organic and conventional soybean producers by tillage practices.

Type of farm

Conventional Organic

NT Mulch Reduced CT Reduced1 CT

- - - - - - - - - - - - - - - - - - - - - - - - - Dollars per planted acre- - - - - - - - - - - - - - - - - - - - - - - - -

Gross value of production 259.00 259.62 254.86 250.81 272.32 463.99

Operating costs

Seed 33.21 30.16 32.40 32.05 30.55 30.40

Fertilizer 13.29 11.19 12.64 11.23 10.35 9.59

Chemicals 15.64 12.81 12.42 12.12 0.00 0.02

Custom operations 6.11 5.27 6.23 7.66 7.05 5.68

Fuel, lubrication and electricity 8.90 14.00 15.47 17.65 14.97 24.95

Repairs 9.44 12.28 13.47 13.64 11.72 17.88

Purchased irrigation water 0.00 0.08 0.13 0.53 0.00 0.05

Hired labor 0.80 1.44 1.35 2.00 1.65 13.40

Operating capital 2.06 2.04 2.21 2.26 1.77 2.11

Capital ownership costs

Capital recovery 54.95 63.77 65.55 62.67 60.17 77.29

Taxes and insurance 7.62 7.71 8.81 10.49 9.57 14.43

Other costs

Opportunity cost of unpaid labor 12.29 17.17 19.38 21.03 25.89 42.33

Opportunity cost of land 87.66 91.06 85.93 77.74 71.33 79.87

General farm overhead 13.09 12.38 14.08 15.93 26.37 25.88

Cost summary

Operating costs 89.45 89.27 96.33 99.14 78.07 104.08

Operating and capital ownership costs 152.02 160.75 170.69 172.30 147.81 195.79

Total economic costs 265.06 281.35 290.09 287.01 271.40 343.87

Value of production less

Operating costs 169.54 170.36 158.53 151.66 194.25 359.91

Operating and capital ownership costs 106.98 98.88 84.17 78.50 124.51 268.19

Total economic costs - 6.07 - 21.73 - 35.23 - 36.20 0.92 120.12

Yield (bushels per planted acre) 46.83 47.73 46.83 45.86 19.58 31.64

Price (dollars per bushel) 5.52 5.44 5.45 5.46 13.57 14.32

No. of observations 633 408 213 166 20 217

1 This category includes 18 producers who used reduced-till and two producers who used mulch-till. To avoid compromising confidential
information, they are grouped together under this category in all tables.
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use of chemicals also reduced costs for hired labor and

opportunity cost of labor. Thus, the data corresponded with

the assertion by Pautsch et al.43 that higher fuel, labor and

machinery costs accrued for CT than conservation tillage

practices. Nevertheless, soybean is among the crops with

the lowest energy-input costs as a share of total operating

costs, accounting for approximately 22% of total operating

costs in 200424. In 2006, fertilizer, fuel, lubrication and

electricity accounted for 27% of total operating costs37.

NT had the lowest total economic costs. Organic

producers who used CT had the highest total economic

cost (without considering ridge-till). Organic producers

who used reduced-till and not chemical herbicides reported

significantly lower labor costs than organic farmers using

CT. Moreover, the former group had labor costs that were

lower than conventional producers who used CT. Further-

more, organic producers using reduced-till had the lowest

operating costs; however, it also evident that they were

compromising yields in the process. It is not clear from the

data that reduced labor costs were strictly the result of a

reduced number of field operations (i.e., tillage) or less

‘walking’ of weeds in organic reduced-till fields. However,

the number of observations in the reduced-till sample was

low, casting doubt on the true representation of these results.

Organic producers using CT obtained soybean yields that

were approximately 70% of their conventional counterparts

(Table 1), similar to results reported by McBride and

Greene37, but different from other reports. Badgley et al.44

conducted the most comprehensive review of organic

versus conventional yields worldwide and found few yield

differences between the two production systems. Delate

et al.45 reported equivalent organic and conventional corn

and soybean yields under Midwestern US conditions.

Pimentel et al.34 also confirmed similar yields over 22 years

of a long-term comparison trial. Mäder et al.5 obtained

organic yields that were between 80 and 100% of con-

ventional yields for all crops over 21 years in an organic

rotation of wheat, potato and grass–clover hay. Other

studies reported corn yield in an organic system reaching

92% of conventional corn yield46, taking into account

yields during transition from conventional production. In

the same study, organic soybean yield was the same as

conventional soybean yield. Porter et al.47 reported organic

corn yields 7–9% lower and organic soybean yields

16–19% lower than conventional crop yields. Recently,

Singerman et al.48 surveyed organic corn and soybean

producers in three major organic soybean-producing states

and also found similar results to the ARMS data. The

dissimilarity between these survey data and the literature

could be due to weeds being more easily managed in

experimental plots than on private farms. In addition, the

genetic background of the different soybean types/varieties

planted in organic versus conventional farms may have

impacted results: 80% of ARMS-surveyed organic farmers

planted the larger-seeded, high-protein, tofu-type soybeans

for the food-grade market, which traditionally have had

lower yields than the smaller-seeded, herbicide-resistant

feed-grade soybeans that 96% of conventional producers

reported growing.

Despite lower yields and higher costs reported by organic

producers, CT organic farmers had positive economic

results, with an average profit of approximately $120 per

planted acre (Table 1). Conventional soybean producers, on

the other hand, did not derive a profit, based on their costs

of production, yields and sale price, with the NT group

achieving the greatest returns at a loss of approximately $6

per planted acre. Profits from organic soybean production

were a consequence of the price premiums that organic

producers were able to obtain in the market, which more

than offset lower yields. These results correspond with

those reported by Delate et al.45,49 in which profit from

organic soybean production was significantly greater than

from conventional production. Singerman et al.50 reported

that organic soybean prices from 2004 to 2009 were con-

sistently and significantly higher than conventional soybean

prices with approximately the same risk as conventional

production. Thus, even without the C-offset market,

organic price premiums could incentivize conventional

soybean producers to convert to organic practices to

increase their profits. However, as Clarkson51 pointed out,

the 2-year period in which transitioning producers would

not obtain organic price premiums; a perceived increased

production risk with organic production; the different

marketing structure compared to delivering the crop to

the local elevator; and less governmental support, in terms

of adequate crop insurance, research and extension support,

discourage conventional farmers from considering organic

production.

Although ‘crop rotation’ was not enumerated in the

ARMS dataset, we can speculate on the effect of different

crop rotations on profitability, based on data derived from

Midwestern US organic systems for that period52. In 2006,

returns to management for organic soybeans in a corn–

soybean–oat–alfalfa rotation were $231 acre - 1 with a

rotational average of $180 acre - 1. This value compares to

$67 that was returned to management for the conventional

corn–soybean rotation, a difference of $113 acre - 1. For

the 2006–2010 time period, the average difference was

$211—again favoring the organic rotation.

Fertilizer use and GHGemissions estimates

Estimates of quantities of commercial fertilizers, other

organic N additions (e.g., manure), lime and active ingre-

dients of chemicals that surveyed producers used, according

to tillage practices on a per-acre basis, were less on organic

than conventional farms in all categories except for manure

(Table 2). According to the weighted sample, conventional

soybean producers used 161,372,000 lb N for soybean

production in 2006, compared to 16,532 lb N in organic

systems. Using computations for N2O emissions converted

into CO2 eq. (Table 3), organic producers using CT

generated 9 and 33% less CO2 eq. emissions from N

additions than conventional producers using NT and CT,
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respectively. Since no questions were asked of surveyed

producers regarding the exact type of material used for

liming, we assumed that all producers used limestone, a

typical material used in the Midwestern US. CT organic

producers generated 45 and 25% less CO2 eq. emissions

from lime than conventional producers using NT and CT,

respectively (Table 3).

Energyuse between organic and
conventional production

Data in the ARMS survey were limited to farm-operation

activities and costs; thus, we used pesticide and fertilizer

consumption as a proxy for energy inputs since energy use

in on-farm operations was indirectly contained in the

dataset (e.g., through fuel, electricity, fertilizer and pesti-

cide quantities). Although there are excellent estimators

of farm energy use in tools such as the USDA-Natural Re-

sources Conservation Service (NRCS) Energy Estimator53,

the NRCS calculator uses average estimates based on

numerous sources, while we utilized ARMS data only in

order to be consistent in our analysis. Using data from

Table 1, CT organic soybean producers reported higher

direct-energy consumption, as the costs of fuel, lubrication

and electricity were 280 and 41% higher than from

conventional producers using NT and CT, respectively.

However, when one considers both direct and indirect

energy use (i.e., including energy use costs of fertilizers and

pesticides), average energy cost for CT organic producers

was about 9% lower than that for NT conventional

producers. Direct and indirect energy use costs for organic

producers were $34.57 versus $37.83 per acre for conven-

tional producers.

Additionally, there are energy costs that are unaccounted,

but accrue during manufacture of petroleum-based inputs,

but we only analyzed for an individual farmer’s profit-

maximizing decision. Thus, since the ‘positive externality’

derived from lower indirect energy consumption in organic

soybean production was not internalized, we did not

include the emission calculations. However, this calculation

could be considered when taking into account the societal

benefits and lower environmental footprint of organic agri-

cultural practices.

As indicated in a preliminary analysis report, USDA-

ERS54 estimated that the Clean Energy Bill would increase

the price of petroleum, electricity and natural gas by 3.2,

7.4 and 10.7%, respectively, by 2015. The report also

indicated that even though direct energy prices would rise

immediately, affecting the agricultural sector, the impact of

the legislation on crop producers would be minimized, due

to the Bill’s provisions for energy-intensive, trade-exposed

Table 2. Commercial and organic fertilizer, soil conditioner and chemicals quantities by tillage practice1.

Type of farm

Conventional Organic

NT Mulch Reduced CT Units Reduced CT

- - - - - - - - - - - - - - - - - - - - - - - - - - - - Quantity per acre- - - - - - - - - - - - - - - - - - - - - - - - - - - - -

Commercial fertilizer

N 2.5 2.6 2.8 2.4 lb 0.0 0.2

Phosphorus 9.7 7.9 12.0 7.0 lb 0.2 0.4

Potassium 21.1 18.2 16.9 18.8 lb 0.5 0.4

Organic N additions

Quantity of N in manure 0.6 1.7 0.9 1.8 lb 2.2 2.6

Quantity of phosphorus in manure 0.2 0.6 0.4 0.6 lb 0.7 1.0

Quantity of potassium in manure 0.6 1.9 1.0 1.9 lb 0.9 1.8

Soil conditioner

Lime 0.26 0.16 0.19 0.18 ton 0.06 0.14

Chemicals active ingredient

Herbicide 1.3 1.0 1.0 1.1 lb 0.0 0.0

Insecticide 0.20 0.60 0.70 0.50 oz 0.0 0.0

Fungicide 0.04 0.03 0.01 0.06 oz 0.0 0.0

No. of observations 633 408 213 166 20 217

1 Calculations based on the assumption that the entire planted acreage of soybean was treated.

Table 3. CO2 eq. emissions from N and lime additions by tillage

practice (kg CO2 eq. acre - 1 yr - 1).

Type of farm

Conventional Organic

NT Mulch Reduced CT Reduced CT

N 5.3 5.4 6.0 5.1 0.0 0.4

Quantity of N

in manure

1.2 3.6 2.0 3.7 4.6 5.5

Total N 6.5 9.0 8.0 8.8 4.6 5.9

Lime 0.11 0.07 0.08 0.08 0.03 0.06
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entities (EITE) to be included, such as N fertilizer

companies. Thus, USDA-ERS concluded that due to the

EITE provisions, greater costs primarily would be a

consequence of fuel costs, with greater impact on fuel-

intensive crops, such as rice and sorghum. With soybean

capable of fixing its own N, soybean crop producers would

be minimally impacted; UDSA-ERS estimated an average

increase of $0.45 per acre from 2012 to 2018.

We used energy cost data to compare costs of fuel,

lubrication and electricity, classified by machinery use,

irrigation and drying, between organic and conventional

soybean producers, which showed greater machinery costs

in organic production (Table 4). We then estimated the

impact of the Clean Energy Bill on energy inputs of

soybean producers in our profitability analysis.

Changes in profitability derived from the
C-offset market

We evaluated the impact of ‘green payments’ similar to

those promulgated in the American Clean Energy and

Security Act of 2009 on the profitability of soybean

producers. In order to measure the differential emissions of

CO2 eq. from the two most relevant methods of production

(conventional NT and CT organic), we used emissions

generated by CT, conventional soybean production as the

baseline. We used the value of 20% greater C sequestration

with the adoption of organic practices from the Soil

Association33, as this was the most comprehensive review

of C-sequestration comparisons between conventional and

organic methods of production. The value was also very

similar to that of Liebig and Doran36 from surveyed organic

farms, and was within the range reported by Rodale

Institute8 from their experiments.

Thus, based on the literature, as well as on EPA’s

estimate of additional CO2 eq. sequestration from conver-

sion to reduced tillage and information from Table 3, we

constructed Table 5, which shows the differential emission

reductions and sequestration rates between NT and CT

organic production. Conventional NT and organic soybean

production had a sequestration rate of 0.7 and 0.9 t CO2

eq. acre - 1 yr - 1 compared to conventional production using

CT. Organic production was 28% greater in t CO2

eq. acre - 1 yr - 1 sequestration than NT.

The Congressional Budget Office55 estimated that the

price of GHG allowances would be $16 per t CO2 eq. in

2012 and would rise to $26 per t CO2 eq. in 2019. EPA41

estimated that the allowance price would be about $13 per

t CO2 eq. in 2015 and would rise to $16 by 2020. Table 6

shows the increased profitability of producers using NT and

CT organic production with the introduction of C markets.

Values represent sequestration rates (Table 5) multiplied by

corresponding allowance price. Since we assumed that

EITE provisions would prevent fertilizer and chemical

prices from increasing until 2025, we computed no change

in their prices until then. Other agricultural input prices

would likely increase as the consequence of the rise in

prices for petroleum, electricity and natural gas; therefore,

we used USDA’s54 estimates to compute their effect on

soybean producers’ profitability. Thus, we multiplied the

costs in Table 4 for machinery by the estimated increase in

petroleum price for years 2012, 2020 (used as a proxy for

2019) and 2025, i.e., by 3.2, 4 and 4.7%, respectively. In

the case of irrigation, we multiplied costs by the estimated

increase in electricity prices for the same years, i.e.,

by 10.7, 12.7 and 14%, respectively. For drying costs, we

multiplied costs by the estimated increase in natural gas

prices, i.e., by 7.4, 8.5 and 8.6%, respectively, for each

year. For the 2025 scenario, we multiplied fertilizer and

chemical costs in Table 1 for each of the corresponding

tillage practices by the estimated increase for natural gas in

that year (8.6%).

In 2012 (2025), conventional producers using CT would

lose an additional $0.84 ($3.18) per planted acre, whereas

NT conventional producers and CT organic producers

would benefit from the creation of a cap-and-trade system.

NT producers would increase their profit by $8.65 ($15.07)

per planted acre, while CT organic producers would

increase profit by $10.67 ($21.08) per planted acre. Thus,

adopting the economic results from Table 1 as a reference,

ceteris paribus, in 2012 (2025), conventional producers that

use CT will have an average total loss of $37.04 ($39.38)

per planted acre; NT producers would have an average

profit of $2.58 ($9) per planted acre; and CT organic

producers would have an average profit of $130.79

Table 5. Differential emission reductions and sequestration rates

between NT and organic practices with respect to CT (t CO2

eq. acre - 1 yr - 1).

NT Organic CT

Tons of CO2 eq. reduced from

N 0.0015 0.0029

Liming - 0.03 0.02

Tons of CO2 eq. sequestered from

NT practices 0.73 –

Organic differential – 0.88

Total 0.70 0.90

Table 4. Fuel, lubrication and electricity costs for machinery and

irrigation; and fuel cost of drying, by tillage practice.

Type of farm

Conventional Organic

NT Mulch Reduced CT Reduced CT

- - - - - - - - - -Dollars per planted acre- - - - - - - - - - -

Machinery 7.04 11.87 12.68 13.87 14.63 22.36

Irrigation 1.84 2.09 2.70 3.65 0.00 2.47

Fuel drying

cost

0.03 0.04 0.09 0.13 0.35 0.12

Total 8.90 14.00 15.47 17.65 14.97 24.95
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Table 6. Comparison of changes in profits among CT, NT and CT organic, derived from the implementation of the C-offset markets.

Allowance price

2012 2019 2025

$ t - 1 CO2 eq.

13 16 26 26

Conventional

CT

Conventional

NT

Organic

CT

Conventional

NT

Organic

CT

Conventional

NT

Organic

CT

Conventional

CT

Conventional

NT

Organic

CT

Additional profit from - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - Dollars per planted acre- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

Sequestered t CO2 eq. acre - 1 yr - 1 0.00 9.08 11.66 11.17 14.35 18.15 23.32 0.00 18.15 23.32

Less expected increase in operating costs

Fertilizer EITE provision 0.97 1.14 0.83

Chemicals EITE provision 1.04 1.34 0.00

Machinery 0.44 0.23 0.72 0.23 0.72 0.28 0.89 0.65 0.33 1.05

Irrigation 0.39 0.20 0.26 0.20 0.26 0.23 0.31 0.51 0.26 0.35

Drying 0.01 0.00 0.01 0.00 0.01 0.00 0.01 0.01 0.00 0.01

Dp - 0.84 8.65 10.67 10.75 13.36 17.63 22.10 - 3.18 15.07 21.08

Dp from CO2 eq. sequestration for NT - 9.08 – 2.58 – 3.18 – 5.16 - 18.15 – 5.16

Total Dp for NT - 9.50 – 2.02 – 2.61 – 4.46 - 18.26 – 6.01

Dp from CO2 eq. sequestration for organic - 11.66 - 2.58 – - 3.18 – - 5.16 – - 23.32 - 5.16 –

Total Dp for organic - 11.51 - 2.02 – - 2.61 – - 4.46 – - 24.26 - 6.01 –

2
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($141.20). Due to EPA’s differential sequestration rate

attributed to NT, profitability per acre would increase $9.08

($18.15) when switching from CT to NT in 2012 (2025).

Similarly, profitability per acre would increase $11.51

($24.26) when switching from conventional agriculture

using CT to organic agriculture. The total differential in

profitability between NT and organic CT starts at $2.02 per

acre in 2012 if the price of permits would be $13 t CO2 eq.;

the differential increases to $4.46 per acre in 2019 and to

$6.01 per acre in 2025 when the EITE provisions would be

scheduled to expire.

Conclusions

Using the USDA-NASS ARMS dataset for soybean

production in 2006, we estimated changes in soybean

production profitability based on surveyed producers’

management practices, incentives for the generation of

GHG offset credits, and the increase in energy input prices

that a cap-and-trade system would introduce in agricultural

markets in the USA. Conventional producers would profit

from conversion to organic agriculture, especially after the

EITE provisions expire in 2025. These conclusions are

particularly pertinent for conventional soybean producers

that use CT, not only because the differential profit between

CT with herbicides and CT organic production is the

greatest but also because this group would incur the greatest

losses with the introduction of the C-offset market. These

conventional producers could more easily convert to NT

production and realize economic benefit. Finally, given the

expected increase in energy prices over the next decade and

the positive externality derived from lower indirect energy

consumption, organic soybean production offers significant

economic benefits compared with conventional production

with or without NT.
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